We present systematic studies of magnetic and transport properties of Zn 1−x Mn x GeAs 2 semimagnetic semiconductor with the chemical composition varying between 0.053Յ x Յ 0.182. The transport characterization showed that all investigated samples had p-type conductivity strongly depending on the chemical composition of the alloy. The Hall effect measurements revealed carrier concentrations p Ն 10 19 cm −3 and relatively low mobilities, Յ 15 cm 2 / ͑V s͒, also chemical composition dependent. The magnetic investigations showed the presence of paramagnet-ferromagnet phase transitions with transition temperatures greater than 300 K for the samples with x Ն 0.078. We prove by means of x-ray diffraction, nuclear magnetic resonance, and scanning electron microscopy techniques that the observed room temperature ferromagnetism is due to the presence of MnAs inclusions. The high field magnetoresistance showed the presence of giant magnetoresistance effect with maximum amplitudes around 50% due to the presence of nanosize ferromagnetic grains.
I. INTRODUCTION
The combination of a magnetic component and a semiconductor, called a diluted magnetic semiconductor ͑DMS͒ or semimagnetic semiconductor gives the possibility to control both the electrical and magnetic properties independently over a wide range of values via changes in the technological parameters during the growth of the compound. DMS compounds are usually developed on the basis of the II-VI or III-V compounds with addition of transition metal ͑TM͒ or rare earth ions. [1] [2] [3] For practical applications a ferromagnetic ͑FM͒ semiconductor with the Curie temperature, T C , greater than room temperature is needed. However, most of the reports about the magnetic properties of DMS systems give the Curie temperatures much lower than 300 K, which makes these compounds of a little use for practical applications. The lack of room temperature FM DMS systems creates the need for the development of new compounds fulfilling technological requirements. There exists a very promising class of DMS, in which the FM phase was observed at temperatures higher than T = 300 K. This class of materials consist of several II-IV-V 2 chalcopyrite compounds 4, 5 such as Cd 1−x Mn x GeP 2 ͑Ref. 6͒ and Zn 1−x Mn x SnAs 2 ͑Refs. 7 and 8͒ with T C around 320 K and 329 K, respectively.
In this paper we report the studies of the magnetic and transport properties of the Zn 1−x Mn x GeAs 2 semimagnetic semiconductor with the chemical composition varying over a wide range of values between 0.053Յ x Յ 0.182. The nonmagnetic equivalent of the studied system, ZnGeAs 2 , has many interesting properties. The nondegenerate top of the valence band makes this compound an efficient source of spin polarized photoelectrons. 9 In addition, large nonlinear optical coefficients of this system 10 and a direct energy gap E g = 1.15 eV ͑at T = 300 K͒ at the ⌫ point of the Brillouin zone 11 makes this material suitable for applications in nonlinear optics. Moreover, ZnGeAs 2 is compatible with the existing GaAs based devices because both compounds are nearly lattice matched. 12 In our earlier paper 13 we reported preliminary results of magnetic and transport characterization of the Zn 1−x Mn x GeAs 2 alloy. We reported there the highest observed Curie temperature in this class of compounds T C = 367 K ͑sample with x = 0.156͒. The electrical properties of the studied Zn 1−x Mn x GeAs 2 system were composition dependent. However, further systematic studies are needed in order to explain the observed properties of this system.
II. SAMPLE PREPARATION AND BASIC CHARACTERIZATION
The investigated Zn 1−x Mn x GeAs 2 samples were grown using a direct fusion method from a stoichiometric ratio of high purity powders of ZnAs 2 , Ge and Mn.
14 In order to increase the Mn solubility in the alloy, the as grown ingots were quenched from growth temperature ͑about T = 1170 K͒ down to 300 K with relatively high speed ͑around 5-10 K/s͒. X-ray fluorescence spectroscopy technique was used to determine the chemical composition of the samples. A typical uncertainty of this method is about 10%. The measurements showed that the composition of the elements along the ingot was homogeneous. The ratio of Zn:Ge:As was 1:1:2 in Powdered samples of Zn 1−x Mn x GeAs 2 alloy were studied by x-ray diffraction ͑XRD͒ using a multipurpose diffractometer ͑X'Pert PRO MPD, Panalytical configured for Bragg-Brentano diffraction geometry͒ equipped with a strip detector and an incident-beam Johansson monochromator. The Cu K ␣1 x-ray radiation with wavelength equal to 1.5406 Å was used. This instrument allows obtaining diffraction patterns with an excellent resolution and counting statistic. The results of the performed XRD measurements obtained for three selected Zn 1−x Mn x GeAs 2 samples are shown in Fig. 1 . The indexing procedure of measured diffraction patterns as well as a lattice parameters calculations were performed using SCANIX 2.60PC program. 15 The results show that the addition of Mn to the alloy significantly lowered their crystal quality. For Zn 0.947 Mn 0.053 GeAs 2 sample the XRD pattern showed the existence of two main phases. One was identified as a chalcopyrite structure with lattice parameters a = 5.664Ϯ 0.001 Å and c = 11.169Ϯ 0.005 Å, which indicates a solid solution of Mn in ZnGeAs 2 . The second phase can be described as a solid solution of Mn in the Zn 2 Ge 11 As 4 compound. The crystal structure of Zn 2 Ge 11 As 4 without Mn is cubic in the space group F43m ͓Joint Committee on Powder Diffraction Standards ͑JCPDS͒, 50-722͔ with lattice parameter a = 5.6531 Å. In our sample this lattice parameter becomes a = 5.649Ϯ 0.001 Å. In the case of the Zn 1−x Mn x GeAs 2 samples with x Ͼ 0.07 MnAs precipitates appear. The XRD patterns show the presence of the hexagonal ͑JCPDS, 28-644͒ and orthorhombic ͑JCPDS, 72-1065͒ MnAs phases ͑see the inset to Fig. 1͒ . It clearly demonstrates that the solubility limit in case of these two samples was surpassed. The main ZnGeAs 2 phase was also detected for the samples with x Ͼ 0.07 with lattice parameters equal to a = 5.668Ϯ 0.002 Å and c = 11.184Ϯ 0.004 Å for the sample with x = 0.078 and a = 5.663Ϯ 0.003 Å and c = 11.174Ϯ 0.005 Å for the sample with x = 0.182.
The microscopic disorder of the Zn 1−x Mn x GeAs 2 was studied simultaneously by means of two techniques: ͑i͒ field emission scanning electron microscope ͑SEM͒ and ͑ii͒ energy dispersive x-ray spectrometry ͑EDS͒ using a Hitachi SU-70 Analytical UHR FE-SEM device. The SEM employed with this device allowed us to make microscopic pictures of the crystal surface. The microscopic pictures of the Zn 1−x Mn x GeAs 2 with x Ն 0.078 revealed the presence of the nonuniform islands on the sample surface ͓see Fig. 2͑a͔͒ . The chemical composition of three different regions marked on the crystal map presented in Fig. 2͑a͒ was measured by means of EDS technique. The results ͓see Fig. 2͑b͔͒ show that generally in the studied crystals we observed three dis- tinct chemical compositions: ͑i͒ the pure ZnGeAs 2 phase detected in the region number 1, the MnAs phase detected in the region 2, and the GeAs phase detected in the region number 3. The results show clearly that the chemical phase separations are present in the studied alloy. This is also a sign that the solubility limit of the Mn in this alloy was exceeded. The formation of GeAs in the studied alloy was rare. Thus, we must admit that the crystals with large quantity of Mn were very inhomogeneous.
III. MAGNETIC INVESTIGATIONS
The magnetic properties of the Zn 1−x Mn x GeAs 2 system were investigated using the Quantum Design MPMS XL-7 SQUID magnetometer. The temperature dependent measurements were performed over a wide range of temperatures between T = 4.5-400 K in the presence of the constant magnetic field B changing between 2-20 mT. Corrections were made for the magnetic contribution of the sample holder. The behavior of the M͑B͒ curves was almost linear for all measured temperatures in the studied samples. As a result we were able to calculate the dc magnetic susceptibility for each sample. The calculated values and their changes with temperature are presented in Fig. 3 . Inspection of Fig. 3 shows that the ͑T͒ curves behave differently for the samples with x Ն 0.078 than for those with lower Mn content. In the case of Zn 1−x Mn x GeAs 2 samples with x Ն 0.078 the behavior of ͑T͒ around T = 300 K was typical for the appearance of a magnetic phase transition. The rapid increase in the near 300 K with decrease in temperature and the saturation of at temperatures T Ͻ 300 K are typical features related to the appearance of a FM phase in these samples.
The critical behavior of the magnetic susceptibility was used for the estimation of the Curie temperature, T C . We determined the Curie temperature, T C , from the position of the inflection point in the ͑T͒ curve. The values of the Curie temperature defined in this way were equal to T C = 319.7 and 308.3 K for the samples with x = 0.078 and 0.182, respectively, i.e., T C decreases with increasing Mn concentration. However, the Curie temperatures obtained for Zn 1−x Mn x GeAs 2 samples are close to the values observed in the systems containing MnAs nanoclusters embedded in the semiconductor lattice. Hai et al. 16 showed that the appearance of hexagonal MnAs nanoclusters in the Ga 1−x Mn x As DMS can be the source of the observed room temperature ferromagnetism. There have been also many studies of methods to control the nanocluster structural and geometrical properties. 17, 18 The aggregation of the Mn ions in the samples with x Ն 0.078 is highly probable due to the limited Mn solubility in the ZnGeAs 2 semiconductor ͑about 6%͒. On the other hand, in the case of the Zn 0.947 Mn 0.053 GeAs 2 sample we observed ͑T͒ behavior typical of a weak paramagnet. Lower content of the TM ions favors the long range magnetic interactions. In this sample there is a much more limited possibility of TM ion aggregation. We also performed measurements of the magnetization as a function of a temperature under two conditions: the sample was cooled down in the absence ͓zero field-cooled ͑ZFC͔͒ or in the presence ͓field-cooled ͑FC͔͒ of the external magnetic field. The results of such measurements are presented in Fig. 4 . The results showed that the magnetization depends on the cooling conditions. The magnetization values are higher when the sample was cooled down in the presence of the external magnetic field. The bifurcation between the ZFC and the FC curves observed in the Zn 1−x Mn x GeAs 2 samples with x Ն 0.078 is a typical feature of the FM and antiferromagnetic ͑AFM͒ states coexistence. The bifurcations between the ZFC and FC curves are due to the thermodynamic irreversibility of the studied system ͑strong competing interactions between the FM and AFM states and the possible appearance of microscopic magnetic phase separations͒. The coexistence of the FM and AFM regions in the Zn 1−x Mn x GeAs 2 crystals with x Ն 0.078 is highly probable due to the similar energies of both states at nonzero temperatures. 19 The irreversibility behavior is commonly attributed to the presence of a spin glass or superparamagnetic phase in the system. In the case of the Zn 1−x Mn x GeAs 2 samples we clearly see that the bifurcation between the ZFC and FC curves becomes larger for the sample with higher amount of Mn. In conclusion, we can state that the addition of Mn to the sample enhanced the occurrence of frustrated regions in the sample or even the appearance of microscopic phase separations. The magnetic behavior of the Zn 1−x Mn x GeAs 2 system in the presence of high magnetic fields was also investigated. We performed the magnetization measurements in the presence of static magnetic fields up to B = 7 T. We measured the magnetization as a function of the applied magnetic field at constant temperature. In the case of Zn 0.947 Mn 0.053 GeAs 2 sample the obtained M͑B͒ curves were typical for paramagnetic material. The results for the selected Zn 1−x Mn x GeAs 2 samples with x Ն 0.078 are presented in Fig. 5 . As we can see in Fig. 5 , the magnetization rises rapidly with the increase in the applied magnetic field for temperatures lower than the paramagnet-ferromagnet phase transition for both samples. Such behavior is typical for the FM systems. We observed that the magnetization of the sample with x = 0.078 nearly saturates at magnetic fields higher than 3 T. On the other hand for the sample with x = 0.182 we did not observe saturation of the magnetization even at B = 7 T. The lack of M͑B͒ curve saturation for the sample with x = 0.182 is an additional confirmation of the idea that the frustration of the Mn ions becomes more noticeable for samples with more Mn. The lack of the temperature dependence of the M͑B͒ curves shape can be additional confirmation that the presence of MnAs nanoclusters inside the ZnGeAs 2 lattice is responsible for the observed room temperature ferromagnetism in the studied samples. Above the phase transition the behavior of the M͑B͒ curve was typical for a paramagnetic material.
The amount of the TM ions can be determined from the value of the saturation magnetization, M S . We used the following formula describing the saturation magnetization for the calculation of the amount of the TM content in the studied compound, x = ͑M S m u ͒ / ͑N Av gS B ͒, where m u is the particle mass of the Zn 1−x Mn x GeAs 2 alloy, N Av is the Avogadro constant, g Ϸ 2 is the effective spin splitting factor, S =5/ 2 is the spin number of Mn ion, and B is the Bohr magneton.
The determined values were equal to x = 0.0005 for the sample with x = 0.053, x = 0.048 for the sample with x = 0.078, and x = 0.104 for the sample with x = 0.182 ͑x values from x-ray fluorescence spectrometry͒. The content of TM ions in the Zn 1−x Mn x GeAs 2 samples was much lower than the chemical composition determined using the x-ray fluorescence method. This discrepancy was due to the fact that the magnetometer can detect only the magnetically active magnetic moments. The much lower values of x determined using the M S values also indicate that probably a large fraction of Mn was assembled in clusters ͑in which other types of interaction than FM play dominant role͒ or Mn rich regions. It can also be connected with the situations in which Mn ions are not incorporated into the Zn 2+ sites of the host ZnGeAs 2 lattice. The large quantity of magnetically inactive Mn ions can be also due to the presence of a large number of Mn interstitial ions in the ZnGeAs 2 lattice ͑with increasing concentration with larger x in the alloy͒. The Mn ions occupying inter atomic sites in the chalcopyrite crystal lattice are much closer to each other than Mn ions occupying the Zn 2+ sites. This causes them to couple antiferromagnetically with a much larger exchange integral and even high magnetic fields applied to the sample during the measurement were not able to decouple such magnetic moments.
We also measured the hysteresis loops for the investigated Zn 1−x Mn x GeAs 2 samples at T = 5 K. The results are presented in Fig. 6 . As we can see in Fig. 6 the samples with x Ն 0.078 show hysteretic behavior at low temperatures, a feature characteristic of FM systems. The coercive fields for these samples are around H C = 2.7 mT and H C = 4.3 mT for the samples with x = 0.078 and 0.182, respectively. The remnant magnetization is varying between 7 ϫ 10 −2 emu/ g to 0.26 emu/g for the samples with x = 0.078 and 0.182, respectively. It is clearly visible that both coercive field and the remnant magnetization increase with the addition of more Mn to the Zn 1−x Mn x GeAs 2 alloy. However, the observed parameters are relatively small indicating that the studied compounds belong to the class of soft magnetic materials. For the paramagnetic Zn 1−x Mn x GeAs 2 sample containing x = 0.053 of Mn we did not observe any hysteretic behavior ͑see Fig. 6͒ , which is consistent with the results presented previously.
In order to investigate further the origin of the observed ferromagnetism discovered in Zn 1−x Mn x GeAs 2 samples with x Ͼ 0.078 we performed zero-field nuclear magnetic resonance ͑NMR͒ measurements of these samples. This technique seems to be ideal for our purposes due its sensitivity to the nanometric phase separation. NMR spin echo measure- ments of 55 Mn and 75 As were done at temperature T = 4.2 K. NMR spectra were measured using an automated, coherent and phase sensitive spectrometer. 20 Appropriate two corrections of signal intensity were applied. Results of performed measurements are presented in Fig. 7 . As we can see in Fig. 7 the NMR spectra are characterized by broad peaks near 210 and 240 MHz for both measured Zn 1−x Mn x GeAs 2 samples. The inset to Fig. 7 shows the NMR spectrum in a limited frequency range, recorded with higher frequency resolution in Zn 1−x Mn x GeAs 2 sample ͑x = 0.078͒. No NMR intensity has been observed in the frequency range characteristic for Mn 2+ ions in FM state. The obtained peaks in the NMR spectra can be readily attributed to the existence of FM phase of MnAs. The 55 Mn and 75 As NMR peaks of MnAs should be observed at 236.1 MHz and 207.9 MHz, respectively, 21 which is the case in present studies. The quadruple splitting of the 55 Mn and 75 As NMR spectra reported in the previous study 21 was not observed due to the random MnAs cluster orientation inside the highly disordered Zn 1−x Mn x GeAs 2 crystals. The results show clearly the strong signal coming from MnAs phase in the Zn 1−x Mn x GeAs 2 crystals.
Thus, we can conclude that the observed ferromagnetism in case of samples with x Ͼ 0.078 is connected with the existence of MnAs clusters as in the case of the Ga 1−x Mn x As alloy in Ref. 18 . A close coincidence between the Curie temperature of the presently studied Zn 1−x Mn x GeAs 2 and hexagonal MnAs ͑313 K͒ gives additional support for this conclusion.
IV. MAGNETOTRANSPORT STUDIES
A basic transport characterization of the investigated Zn 1−x Mn x GeAs 2 alloy consisted of the resistivity and the Hall carrier concentration measurements and their changes with the temperature. We used the standard six contact dc current technique. The measurements were performed over a wide temperature range 4.3-370 K. The Hall effect measurements were performed using a constant magnetic field B = 1.4 T.
The resistivity xx as a function of temperature is presented in Fig. 8 . It is clearly visible that the resistivity is highly composition dependent in the studied alloy. These large differences are a complex function of the structural quality of the crystals ͑scattering at defects͒ and the number of conducting holes ͑electrical compensation͒ in the material.
At temperatures greater than about 50 K we observed the metallic behavior of the xx ͑T͒ curves for the Zn 1−x Mn x GeAs 2 samples with x = 0.053 and 0.182. This feature is characteristic of degenerate semiconductors; we are not sure why we did not see it in the sample with x = 0.078. The decrease in the resistivity xx with increasing temperature for the Zn 0.922 Mn 0.078 GeAs 2 sample was a feature characteristic of thermally activated carrier transport in semiconductors. However, the ln͑͒ versus T −1 curves showed large nonlinearities indicating, that the carrier transport in these samples was not thermally activated.
One can see in Figs. 8͑a͒ and 8͑c͒ that the xx ͑T͒ curves have a minimum at low temperatures. Below the minimum the resistivity of the sample increased with decreasing temperature. We believe that this is a metal-insulator transition, which is commonly observed in many degenerate semiconductors. The resistivity measurements performed on the samples with x = 0.078 and 0.182 showing FM ordering at room temperature ͑see Sec. IV͒ revealed the presence of the cusp in the xx ͑T͒ curves at temperatures close to the paramagnet-ferromagnet phase transitions ͓see Fig. 8͑a͒ and the inset in Fig. 8͑b͔͒ . The appearance of the peak in the resistivity at a temperature close to the phase transition is connected with the scattering of carriers at the magnetization fluctuations.
22 Figure 9 shows the Hall carrier concentration ͑p͒ dependence on temperature for the Zn 1−x Mn x GeAs 2 samples. The results showed that all the samples had a p-type conductivity with relatively large carrier concentration. We observed that p is increasing ͑comparing values determined at T = 300 K͒ with addition of more Mn to the alloy. The carrier concentration varies between 3.3ϫ 10 19 and 9.1ϫ 10 19 cm −3 when the Mn content is changed between x = 0.053 and 0.182.
A large change in p with x is probably due to the fact that samples with x Ն 0.078 were highly disordered. Inspec- 
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tion of Fig. 9 shows that the Hall carrier concentration is a decreasing function of the temperature in all the studied samples. The decrease in p with temperature is a typical feature observed in the degenerate semiconductors.
The carrier mobility was determined from the resistivity and Hall effect measurements using a simple formula xx = ep, where e is the elementary charge, and p is the Hall carrier concentration. The values ͑at T = 300 K͒ ranged between = 10.7 cm 2 / V s for the sample with x Ϸ 0.053 and dropped down to = 2.5 cm 2 / V s and 2.3 cm 2 / V s for the samples with x = 0.078 and 0.182, respectively. The decrease in the carrier mobility in the case of studied crystals is not surprising and due to the lower quality of the disordered crystals.
The dc measurements of the Hall effect and magnetoresistance were done in high magnetic fields B up to 23 T and temperature range 1.4Յ T Յ 300 K. The obtained magnetoresistance curves show quadratic positive magnetoresistance at temperatures higher than 15 K, interpreted as cyclotron movement of charge carriers in a magnetic field. Below 15 K we observed negative magnetoresistance in all the studied crystals ͑see Fig. 10͒ . Weak localization phenomenon was not responsible for negative magnetoresistance in the studied material since k F l Ӷ 1 for all crystals. It may be noted that the magnetoresistance strongly depends on the amount of the magnetic ions in the material. We can clearly see that the amplitude of this effect is much larger in case of FM Zn 1−x Mn x GeAs 2 samples ͑x Ͼ 0.07͒ than in case of paramagnetic one ͑x Ϸ 0.053͒.
In the case of Zn 1−x Mn x GeAs 2 crystals with x Ϸ 0.053 we observed only small negative magnetoresistance with maximum amplitude of about Ϫ0.3%. We attribute this effect to the spin disorder scattering mechanism. 23, 24 Experimental magnetoresistance curves were fitted using the relationship describing the spin disorder contribution to the resistivity xx ͑B͒ dependence. 23 As a result of the fitting we were able to estimate the amount of magnetic ions causing spin disorder in the material. The obtained values of magnetic moment were equal to 1.8 B / Mn the crystal in question. The obtained results show that large quantity of paramagnetic ions in the material are magnetically inactive, which is in agreement with the results of magnetization data analysis.
The magnetoresistance in case of FM Zn 1−x Mn x GeAs 2 samples ͑x Ͼ 0.07͒ had amplitude more than two orders of magnitude higher than in the case of paramagnetic one. Due to the presence of metallic precipitation of manganese arsenide ͑see Sec. III͒ in these samples the negative magnetoresistance may be caused by tunneling of spin polarized carriers in the FM granular media. This effect is known as giant magnetoresistance ͑GMR͒ and was observed in many granular materials exhibiting FM ordering. 25, 26 The magnetic field dependence of the resistivity xx is described using the following formula,
where P is the polarization level of carriers, J is the exchange constant, and k B is the Boltzmann constant. According to that we carried out fitting the experimental magnetoresistance curves for temperatures of less than 5 K. Fits were made assuming that the conduction carriers are polarized while moving inside the MnAs grains. We adopted a degree of polarization hole conductivity equal to 45% ͑value taken from the work Panguluri et al. 27 ͒. The results of the fitting are presented in Fig. 11 . As we can clearly see we obtained good agreement between the fitted curves to Eq. ͑1͒ and experimental data. As a result of fits we obtained a value of interaction integral J between FM MnAs clusters in the material to be around J Ϸ 36-60 eV. The low value of J indicates that the FM grains of manganese arsenide interact with small strength, and also explains the presence of this effect only at low temperatures. This result seems to be consistent with the results of measurements of magnetization curves, whose shape was characteristic for soft magnetic materials. The Hall effect xy ͑B͒ curves for Zn 1−x Mn 0.053 GeAs 2 crystal was linear throughout the whole temperature range. In the case of FM Zn 1−x Mn x GeAs 2 samples with x Ͼ 0.070 at temperatures below 9 K we observed deviation from linearity of xy ͑B͒ dependence ͑see Fig. 12͒ in high magnetic fields, perhaps related to two-carrier transport in these crystals. Change in the slope of the xy ͑B͒ curves for T Ͻ 9 K occurs for magnetic fields B Ͼ 2 T. The bending of the xy ͑B͒ curves is in granular ferromagnets usually attributed to the anomalous Hall effect ͑AHE͒. 28 It should be noted, however, that the high field part of the xy ͑B͒ curves ͑the negative slope of the curve͒ for Zn 0.818 Mn 0.182 GeAs 2 excludes the possibility, that this effect is connected with the AHE, since it is not correlated with magnetization M͑B͒. More detailed studies of both magnetic and transport properties must be performed in order to explain observed nonlinearities in the magnetic field dependencies of the Hall effect.
V. CONCLUSIONS AND SUMMARY
We reported the experimental investigations including the studies of magnetic and transport properties of the Zn 1−x Mn x GeAs 2 crystals with chemical composition varying between 0.053Յ x Յ 0.182. The samples were grown by the direct fusion method. The transport studies revealed that the studied alloy was a p-type semiconductor with both semimetallic and semiconducting conductivity mechanisms strongly depending on the alloy composition. The Hall carrier concentration, p Ն 3.3ϫ 10 19 cm −3 , was also composition dependent. The magnetic properties of the alloy are composition dependent. Alloys with low Mn content are paramagnetic. On the other hand, addition of Mn in higher amounts ͑x Ն 0.078͒ produced a FM alignment of the resultant alloy. However, we have proven that the observed room temperature ferromagnetism is connected with the MnAs phase separations present in the alloy. The high field magnetoresistance showed the appearance of GMR effect with maximum amplitudes around Ϫ50% in FM crystals. The observed effect was due to spin polarization of conducting carriers in MnAs clusters.
